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ABSTRACT 

An experiment on the effect of bioregulators and growth regulators zinc sulphate @ 0.1%, paclobutrazol 
(PBZ) @ 3ml. m J canopy diameter, Napthalein acetic acid (NAA) @ 80 ppm, gibberilic acid (GAj) @ 20 ppm, 1-2- 
chloro-4pyridyl-3 -phenyl urea (CPPU) @ lOppm, potassium sulphate (K 2 SO 4 ) @ 1% , their combinations utilizing 
BBCH scale of mango was conducted on flowering, fruit set and yield of mango cv. Banganpalli. Paclobutrazol alone 
or in combinations with other bioregulators has significantly increased the percent of flowering, panicle length and 
breadth when compared to control. Significantly highest number of fruits.panicle 1 , fruits.tree 1 and yield (23.7 % over 
control) were recorded in paclobutrazol alone followed by Napthalein acetic acid (20.96% increases in yield over 
control). 
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INTRODUCTION 

Mango ( Mangifera indica L.) is the premier fruit among the tropical fruits. India is the largest producer of 
mango in the world. The fruits of mango are valued because of its excellent flavor, appealing aroma, delicious 
taste, attractive shades of colour and nutritive value, which has attracted the world market. . In Telangana, mango 
occupies an area of 2.10 lakh ha, with a production of 1,894.9 M.T with a productivity of 9.0 T. ha -1 (Anon, 2013). 
Although, India is the leading mango producing country, the development of mango orchards as an established 
industry has remained a distant goal and per hectare yields (2.45 t ha’ 1 ) are low in spite of great potential (Anon, 
2013). There are number of reasons for the poor productivity, of which alternate or biennial bearing habit of most 
of the choicest commercial varieties of India is one of the important factors. The flowering phenomenon in mango 
appears to be a complex one. Research workers engaged in the field have not appreciably established the critical 
factors responsible for this phenomenon. Recommendations of horticultural scientists have not paved the way for a 
satisfactory solution to this problem. However, on account of continued research, this problem is better understood 
now than before. Since, most of the earlier studies were aimed at developing agro techniques to promote regular 
cropping, enough knowledge on the physiology of flowering is lacking. However, the studies of Davenport (2007), 
on the evidence of involvement of leaf generated floral stimulus have opened up new vistas in the direction of 
research on physiology of flowering in mango. 

Various chemicals and growth regulators application have been standardised for enhancing vegetative 
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growth and uniform flowering in mango. Application of Zinc Sulphate (ZnS0 4 ) @ 0.4% promoted vegetative growth as 
indicated by plant height, girth, and spread of young plants (Banik and Sen 1997). Application of Gibberellic acid (GA 3 ) 
increased vegetative growth, number of secondary branches (Singh and Rajput 1990). Paclobutrazol (PBZ) @ 3ml. m" 1 of 
canopy diameter at 120 days before bud break was found to improve flowering and yield in mango cv. Banganpalli 
(Bhagwan et al, 2011). Napthalein Acetic Acid (NAA) @ 80 ppm spray at 30 days before flowering was found to 
improve flowering in mango (Davenport, 2007). Application of CPPU (10 ppm) gave the best result in terms of increasing 
fruit retention, number of fruits per cluster and per plant, weight of one fruit, fruit volume and leaf area in mango cv. 
Arumanis (Notomedijo 1999). 

Knowledge of the periodic biological events of a particular crop - bud breaks, flushing, flowering, and fruit 
development is an important tool for its agronomical management in relation with climate change (Hernandez Delgado et 
al., 2011). Bleiholder et al. 1989 developed a two-digit decimal coding system for angiosperms, the BBCH-scale 
(Biologische Bundesantalt, Bundessortenamt und Chemische Industrie). Later three digits “extended BBCH-scale” (Hack 
et al., 1992) was proposed for certain crops like grains, rape and sunflower, vegetables, pome and stone fruits, citrus, 
grape, strawberry, pomegranate, coffee, olive, Musaceae, persimmon, cherimoya. Keeping above fact in view, the 
phenological studies were conducted to asses BBCH- scale for mango cultivars like Totapuri (Shailender rajan et al., 
2011). The BBCH scale distinctly separates the various vegetative flushes occurring in the mango, as well as the terminal 
and axillary flowerings. All of which is important for the correct timing of general orchard management, particularly for 
disease and pest management, physiological disorders and weed control, flowering inhibition and effectiveness of 
fertilizers and PGRs application (Hernandez Delgado et al., 201 1). 

MATERIALS AND METHODS 

The experiment was conducted on ten years old well grown, uniform statured trees of mango cv. Banganpalli. 
Trees are spaced with 8m and planted in square system. The statistical design adopted was Randomised block design with 
8 treatments which were replicated thrice. Paclobutrazol concentration was calculated based on the diameter of the tree, 
and applied @ 3 ml per metre of canopy diameter (Bhagwan et al., 2011). The required paclobutrazol was dissolved in 10 
litre of water. Eighty milligrams of Napthalein acetic acid (NAA) was dissolved in 50 ml of ethanol and diluted it in 1 litre 
of water to get 80 ppm of NAA. Ten gm of potassium sulphate (K 2 S0 4 ) was dissolved in 1 litre of water to get 1% of 
K 2 S0 4 . Twenty mg of (l-2-chloro-4pyridyl-3-phenyl urea) CPPU was dissolved in 50 ml of ethanol and diluted it in 1 litre 
of water to get 20 ppm of CPPU. Twenty mg of gibberllic acid (GA 3 ) was dissolved in 50 ml of ethanol and diluted in 1 
litre of water to get 20 ppm of GA 3 . 0.1 gram of zinc sulphate (ZnS0 4 ) was dissolved in 1 litres of water to get 0.1% of 
ZnS0 4 . Data on percent flowering, panicle length and breath, fruitset. panicle 1 , fruits. Tree 1 and yield were recorded. 
Twenty shoots were randomly tagged (from North, South, East and West directions) and no of tagged shoots which had 
flowered was recorded and expressed as percentage of flowering. The panicle length and breadth, fruit set of ten randomly 
selected shoots were recorded the mean was calculated. The total number of fruits harvested. tree' 1 was counted after 
harvest and expressed as number of fruits. tree" 1 . The average fruit weight was computed by dividing the total yield (kg per 
tree) and number of fruits per tree of the respective treatment. 

RESULTS AND DISCUSSIONS 

Flowering Parameters 

The results on percent flowering (%) of mango cv. Banganpalli sprayed with different combinations of 
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bioregulators and growth regulator sprays are presented in the table 1 . 

There was significant difference among combination of bioregulators and growth regulator sprays application 
with respect to percent flowering (%).' Trees sprayed with paclobutrazol (91.67) has significantly increased the percent 
flowering which was on par with application of Napthalein acetic acid (73.33) and gibberillic acid (75). Minimum 
flowering percent was recorded in untreated control (35), followed by application of potassium sulphate + (1-2-chloro- 
4pyridyl-3 -phenyl urea) (45) which were on par with application of (l-2-chloro-4pyridyl-3-phenyl urea) (61.67), zinc 
sulphate + paclobutrazol (56.66), zinc sulphate + (l-2-chloro-4pyridyl-3-phenyl urea) (55), potassium sulphate + 
gibberillic acid (51.66) and potassium sulphate + Napthalein Acetic Acid(50). 

Paclobutrazol application and Napthalein acetic acid spray has significantly increased the per cent flowering 
compare to control (Table 1). However, the paclobutrazol was significantly more effective in increasing the flowering 
percentage. Gibberellins, a group of plant growth hormones were reported to be inhibitory to flowering (Kachru et al., 
1971), in mango and the available evidence suggests the flower promotive effect of paclobutrazol in mango due to its anti - 
gibberellin activity (Quinlan and Richardson, 1984). Hence, in the present investigation the increase in the percent (%) 
flowering of mango by paclobutrazol was due to its anti - gibberellin activity. Increase in per cent flowering (%) by 
application of Paclobutrazol was earlier reported by Rao et al. (1997) in mango cv. Alphonso, Shinde et al. (2001) also 
reported similar increase in per cent flowering (%) by application of Paclobutrazol in mango cv. Alphonso. Zora Singh et 
al. (2000) also reported similar increase in per cent flowering (%) by application of Paclobutrazol in mango. Burondkar et 
al. (2000) reported similar increase in per cent flowering (%) when the trees were sprayed with paclobutrazol in mango cv. 
Alphonso. Vijayalaxmi and Srinivasan (2000) also reported similar increase in per cent flowering (%) by application of 
Paclobutrazol in mango cv. Alphonso. Similar increase in per cent flowering (%) by application of Paclobutrazol was 
obtained by Kumar Raj et al. (2005) in mango cv. Banganpalli and by Orwintinee et al. (2008) in mango cv. Irwin. The 
napthalein acetic acid spray has also significantly increased the flowering in mango cv. Banganpalli in the present 
investigation when compared with the control. Increase in flowering with spraying of Napthalein acetic acid was reported 
in mango cv. Succary Abiad (Wahdan et al., 2011). Napthalein acetic acid which is considered as flowering hormones in 
some crops might have increased the latent flowering factors in the mango and resulted in overall increase in flowering in 
mango cv. Banganpalli when compared to control in the present investigation. 

The results on panicle length after application of different combination of bioregulators and growth regulator 
sprays are presented in the table 2. There is significant difference among different combination of bioregulators and growth 
regulator sprays with respect to panicle length. Minimum panicle length was recorded in untreated control (19.30), 
followed by application of (l-2-chloro-4pyridyl-3-phenyl urea) (20.88), gibberellic acid (21.81), zinc Sulphate + 
gibberellic acid (24.32), potassium sulphate + gibberellic acid (24.34) and zinc sulphate + napthalein acetic acid 
(24. 97). Trees sprayed with paclobutrazol (30.57) has significantly increased the panicle length compared to control 
(19.30). 

Paclobutrazol has significantly increased the panicle length compare to control (Table 2). Similar increase in 
panicle length with the application of paclobutrazol in mango was reported by Desai and Chundawat (1994) in mango. 
Vijayalaxmi and Srinivasan (1998) also earlier reported increase in panicle length in mango cv. Alphonso when trees 
treated with paclobutrazol @10 ml. tree' 1 . 

The results on panicle breadth after application of different combination of bioregulators and growth regulator 
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sprays are presented in the table 3. There is significant difference among different combination of bioregulators and growth 
regulator sprays with respect to panicle breadth. Trees sprayed with paclobutrazol (22.2) has significantly increased panicle 
breadth which was on par with application of zinc sulphate + (l-2-chloro-4pyridyl-3 -phenyl urea) (21.82) and zinc sulphate 
+ paclobutrazol (18.51) compared to control (8.33). 

Paclobutrazol could able to increase the panicle breadth compare to control and napthalein acetic acid (Table 3). 
However, Winston (1992) in mango cv. Kensington and Orwintinee et al. (2008) in mango cv. Irwin reported that the 
panicles of paclobutrazol treated trees were considerably shorter than those of control trees. The discrepancy in the finding 
of present investigation to the earlier reports regarding panicle may be due to varietal change, time of applications and 
dosage of paclobutrazol. However, increase in panicle length and breadth of paclobutrazol treated trees might be beneficial 
for increase the number of hermaphrodite flowers per panicle. This may cause for better fruit set over the control. 

Fruit Set Parameters 

The results on fruit set per panicle after application of different combination of bioregulators and growth regulator 
sprays are presented in the table 4. The data revealed that there is significant difference among different combination of 
bioregulators and growth regulator sprays with respect to fruit set per panicle of mango. Trees sprayed with paclobutrazol 
(13.13), zinc sulphate +(l-2-chloro-4pyridyl-3-phenyl urea) (13) have significantly increased fruit set per panicle which 
were on par with the application of potassium sulphate+ paclobutrazol(12.80), potassium sulphate + napthalein acetic 
acid(11.33), potassium sulphate + gibberellic acid (10.86), zinc sulphate + gibberellic acid (10.13). However, zinc 
sulphate+ napthalein acetic acid (8.2), potassium sulphate+(l-2-chloro-4pyridyl-3-phenylurea) (8.33), zinc sulphate + 
paclobutrazol (8.43) and gibberellic acid (8.86) could not significantly increase the fruit set per panicle. 

The prolonged flowering period (Days taken for full flower opening from panicle initiation) might have caused 
for better fruit set in paclobutrazol treated trees compare to control. 

Application of paclobutrazol and zinc sulphate + (l-2-chloro-4pyridyl-3-phenyl urea) increased fruit set panicle’ 1 
compared to control and napthalein acetic acid (Table 4). Similar increase in fruit set panicle' 1 in response to paclobutrazol 
application was recorded by GoGuey (1990) in cv. Valencin. Increase in fruit set panicle’ 1 in response to paclobutrazol 
application was earlier reported by Iyer and Kurian (1992) in mango cv. Alphonso. Zora Singh et al. (2000) also reported 
increase in fruit set panicle" 1 , when trees were treated with paclobutrazol in mango cv. Dashehari. Increase in fruit set 
panicle' 1 in response to paclobutrazol application was earlier obtained by Cardenas and Rojas (2003) in mango cv. Tommy 
Atkins. Kumar Raj et al. (2005) also reported increase in fruit set panicle" 1 , when the trees were treated with paclobutrazol 
in cv. Banganpalli. Increased fruit set panicle' 1 in response to the application of paclobutrazol was earlier reported by 
Orwintinee et al. (2008) in mango cv. Irwin. 

Increase in fruit set panicle' 1 in response to application of zinc sulphate + ( l-2-chloro-4pyridyl-3-phenyl urea) 
might be due to the increase in fruit set after the application of synthetic cytokinin (l-2-chloro-4pyridyl-3-phenyl urea). 

Similar increase in fruit set panicle' 1 in response to application of (l-2-chloro-4pyridyl-3-phenyl urea) was 
recorded by Notodemedjo (2000) in mango cv. Arumanis and Burondkar et al. (2009) in mango cv. Alphonso. Increase in 
fruit set panicle’ 1 in response to application of zinc sulphate, was reported by Negi et al., (201 1) in mango cv. Dashehari. 
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Yield Parameters 

The results on total number of fruits produced on a tree after application of different combination of bioregulators 
and growth regulator sprays are presented in the table 5. 

The data revealed that there is significant difference among combination of bioregulators and growth regulator 
sprays with respect to number of fruits per tree of mango. Trees sprayed with application of paclobutrazol (133) has 
significantly increased number of fruits per tree which was on par with application of (l-2-chloro-4pyridyl-3-phenylurea) 
(131.66), zinc sulphate + paclobutrazol (131.33) and potassium sulphate+ paclobutrazol (130.00). Minimum number of 
fruits per tree was recorded in untreated control (110.66), zinc sulphate + gibberillic acid (112.33) and gibberillic acid 
(113). 

Trees sprayed with paclobutrazol have recorded increase in per cent flowering (Table 1), prolonged days taken for 
50% flowering and days taken for full flower opening which inturn increased the fruit set per panicle (Table 4). This 
increase in fruit set per panicle was responsible for the increase in fruit number in the paclobutrazol sprayed trees in the 
present investigation. The correlation between intensity of flowering, perfect flowers and better fruit set and subsequent 
increase in total number of fruits per tree and yield was earlier reported by Burondkar and Gunjate, (1993) in mango. 
Paclobutrazol application has significantly increased the number of fruits per tree compare to control and napthalein acetic 
acid spray (Table 5). Similar increase in number of fruits tree' 1 was earlier reported by Kumar Raj et al. (2005) in mango 
cv. Banganpalli. Increase in number of fruits in response to paclobutrazol application was earlier obtained by Cardenas and 
Rojas (2003) in mango cv. Tommy Atkins and by Orwintinee et al. (2008) in mango cv. Irwin. Kumbhar et al. (2007) also 
reported similar increase in number of fruits in mango cv. Kesar. 

The results on fruit weight (gm) of mango cv. Banganpalli sprayed with different combination of bioregulators 
and growth regulator sprays are presented in the table 6. There was significant difference among different combination of 
bioregulators and growth regulator sprays application with respect to fruit weight (gm). Trees sprayed with application of 
napthalein acetic acid (315.67) has significantly increased the individual fruit weight which was on par with application of 
paclobutrazol (309.33), zinc sulphate + paclobutrazol (309) and potassium sulphate+ napthalene acetic acid (307.33) 
compared to untreated control (296.67). 

There was significant difference among different combination of bioregulators and growth regulator sprays with 
respect to fruit weight (gm) (Table 6) .Paclobutrazol and NAA were both equally increased the fruit weight. Similar 
increase in fruit weight was earlier reported by Nav Prem Singh et al. (2002) in mango cv. Dasheri treated with 100 ppm 
of NAA and Wahdan et al. (201 1) in mango cv. Succary Abiad treated with NAA @ 60 ppm. Paclobutrazol also increased 
the fruit weight in mango cv. Baneshan (Kumar Raj et al. 2005). Increase in fruit weight was earlier reported by Razzaq et 
al. (2013) in kinnow mandarin when the trees were treated with 0.6% zinc sulphate. Similar increase in fruit weight was 
earlier reported by Burondkar et al. (2009) with the application of Potassium sulphate in mango cv. Alphonso. 

The results on yield per tree after application of different combination of bioregulators and growth regulator 
sprays are presented in the table 7. The data revealed that there is significant difference in yield (kg. tree" 1 ) among different 
combination of bioregulators and growth regulator sprays. Trees sprayed with application of paclobutrazol (40.6) have 
significantly increased the yield per tree which was on par with application of napthalein acetic acid (39.7) and zinc 
sulphate + paclobutrazol (39.61). Minimum yield was recorded in untreated control (32.82). 
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Paclobutrazol and NAA were both equally increased the yield. The increase in intensity of flowering, better fruit 
set and fruit weight in paclobutrazol treated trees have ultimately increased the yield of mango (23.7% over control) in the 
present investigation. Burondkar and Gunjate (1993) also found similar correlation between flowering, fruit set, fruit 
weight and yield of mango in response to paclobutrazol application. Similar increase in yield of mango in response to 
paclobutrazol application was obtained by various workers like Singh and Dhillon (1992) in cv. Kensington pride, Zora 
Singh and Dhillon (1992) also reported similar increase in yield in cv. Dashehari. Increase in yield of mango in response to 
paclobutrazol application was obtained by Iyer and Kurian (1992), Ram and Tripathi (1993) in cv. Dashehari. Desai and 
Chundawat (1994) also reported similar increase in yield in mango cv. Alphonso. Patil and Talathi (1999), Shinde et al. 
(2002) earlier reported similar increase in yield in cv. Alphonso. Increase in yield of mango in response to paclobutrazol 
application was earlier reported by Kumar Raj et al. (2005) in mango cv. Banganpalli. Orwintinee el al. (2008) also 
obtained similar increase in yield in cv. Irwin and Kumbhar et al. (2007) reported similar increase in yield in response to 
paclobutrazol application in mango cv. Kesar. 

Similar increase in yield in response to the application of zinc sulphate was reported by Negi et al. (2011) in 
mango cv. Dashehari, Singh et al. (2009) in mango, Lolaei et al. (2012) in strawberry. Abdollahi et al. (2010) also earlier 
reported similar increase in yield in response to the application of zinc sulphate in Strawberry cv. Selva. 

Rawash et al. (1998a) in mango and Shinde et al. (2002) also earlier reported similar increase in yield in response to the 
application of napthalein acetic acid in mango cv. Alphonso, Application of napthalein acetic acid increased yield in 
mango cv. Dashehari (Singh et al ., 2005). 

Table 1: Effect of Combination of Different Bioregulators and Growth Regulator 
Sprays on Percent Flowering of Mango Cv. Banganpalli 


Treatment 

Mean 

Tp 

Gibberilic acid 

75.00 ab 

T 2 : 

Napthalein Acetic Acid 

73.33 ab 

T 3 : 

Paclobutrazol 

91.67“ 

T 4 : 

( 1 -2-chloro-4pyridyl-3 -phenyl urea) 

61.67 bc 

T,: 

Zinc Sulnhate+Gibberilic acid 

48.33 bc 

T fi : 

Zinc Sulnhatc+Nanthalein Acetic Acid 

35.00 c 

T 7 : 

Zinc Sulnhate+Paclobutrazol 

56.67 bc 

T 8 : 

Zinc Sulphate+l-2-chloro-4pyridyl-3-phenyl urea 

55.00 bc 

T 9 : 

Potassium Sulphate +Gibberilic acid 

51.67 bc 

T l0 : 

Potassium Sulphate +Napthalein Acetic Acid 

50.00 bc 

T„: 

Potassium Sulphate +Paclobutrazol 

68.33 b 

T 12 : 

Potassium Sulphate +l-2-chloro-4pyridyl-3-phenyl 

45.00 c 

T„: 

Control 

35.00 c 

F- test 

* 

S.Em ± 

7.32 

CD at (5%) 

21.50 


Figures with same alphabets did not differ significantly. ** Significant at (p= 0.01 LOS), *Significant at (p= 
0.05 LOS), NS- Non Significant. Values were compared with respective C.D values 
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Table 2: Effect of Combination of Bioregulators and Growth Regulator 
Sprays on Panicle Length of Mango Cv. Banganpalli 


Treatment 

MEAN 

T,: 

Gibberilic acid 

21.81 b 

T 2 : 

Napthalein Acetic Acid 

29.36 ab 

T 3 : 

Paclobutrazol 

30.57 a 

T 4 : 

(l-2-chloro-4pyridyl-3 -phenyl urea) 

20.88 b 

T 5 : 

Zinc Sulphate+Gibberilic acid 

24.32 b 

T 6 : 

Zinc Sulphate+Napthalein Acetic Acid 

24.97 b 

T 7 : 

Zinc Sulphate+Paclobutrazol 

26.6 l ab 

T 8 : 

Zinc Sulphate+l-2-chloro-4pyridyl-3-phenyl urea 

25.52 ab 

T 9 : 

Potassium Sulphate +Gibberilic acid 

24.34 b 

T,„: 

Potassium Sulphate +Napthalein Acetic Acid 

26.96 ab 

T„: 

Potassium Sulphate +Paclobutrazol 

25.66 ab 

T 12 : 

Potassium Sulphate +l-2-chloro-4pyridyl-3-phenyl urea) 

25.46 ab 

T 13 : 

Control 

19.30 b 

F- test 

* 

S.Em ± 

2.07 

CD at (5%) 

6.09 


Figures with same alphabets did not differ significantly. 

** Significant at (p= 0.01 LOS), *Significant at (p= 0.05 LOS), NS- Non Significant. 
Values were compared with respective C.D values 


Table 3: Effect of Combination of Bioregulators and Growth Regulator 
Sprays on Panicle Breadth of Mango Cv. Banganpalli 


Treatment 

Mean 

T,: 

Gibberilic acid 

9.25 c 

T 2 : 

Napthalein Acetic Acid 

14.20 bc 

T 3 : 

Paclobutrazol 

22.20 a 

T 4 : 

(l-2-chloro-4pyridyl-3 -phenyl urea) 

1 1 .40 c 

T 5 : 

Zinc Sulphate+Gibberilic acid 

12.98 b 

T 6 : 

Zinc Sulphate+Napthalein Acetic Acid 

17.06 b 

T 7 : 

Zinc Sulphate+Paclobutrazol 

1 8.5 l ab 

T 8 : 

Zinc Sulphate+l-2-chloro-4pyridyl-3-phenyl urea 

21.82 ab 

T 9 : 

Potassium Sulphate +Gibberilic acid 

10.53 c 

T 10 : 

Potassium Sulphate +Napthalein Acetic Acid 

16.41 bc 

T„: 

Potassium Sulphate +Paclobutrazol 

16.6 bc 

T l2 : 

Potassium Sulphate +l-2-chloro-4pyridyl-3-phenyl urea) 

15.87 bc 

T 13 : 

Control 

8.33 c 

F- test 

* 

S.Em + 

1.51 

CD at (5%) 

4.45 


Figures with same alphabets did not differ significantly. 

** Significant at (p= 0.01 LOS), *Significant at (p= 0.05 LOS), NS- Non Significant. 
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Values were compared with respective C.D values. 


Table 4: Effect of Combinations of Bioregulators and Growth Regulator 
Sprays on Fruit Set Per Panicle of Mango Cv. Banganpalli 


Treatment 

Mean 

T,: 

Gibberilic acid 

8.86 b 

T 2 : 

Napthalein Acetic Acid 

9.06 b 

T 3 : 

Pachlobutrazol 

13. 13 a 

T 4 : 

(l-2-chloro-4pyridyl-3-phenyl ure a) 

9.26 b 

T s : 

Zinc Sulphate+Gibberilic acid 

10.13 ab 

T 6 : 

Zinc Sulphate+Napthalein Acetic Acid 

8.20 b 

T 7 : 

Zinc Sulphate+Pachlobutrazol 

8.43 b 

T 8 : 

Zinc Sulphate+l-2-chloro-4pyridyl-3-phenyl urea 

13.00 a 

T 9 : 

Potassium Sulphate +Gibberilic acid 

10.86 ab 

T io : 

Potassium Sulphate +Napthalein Acetic Acid 

11.33 ab 

Tn : 

Potassium Sulphate +Pachlobutrazol 

12.80 ab 

Ti 2 : 

Potassium Sulphate +l-2-chloro-4pyridyl-3-phenyl urea) 

8.33 b 

Ti 3 : 

Control 

8.00 b 

F- test 

* 

S.Em ± 

1.24 

CD at (5%) 

3.62 


Figures with same alphabets did not differ significantly. 

** Significant at (p= 0.01 LOS), *Significant at (p= 0.05 LOS), NS- Non Significant. 
Values were compared with respective C.D values 


Table 5: Effect of Combination of Bioregulators and Growth Regulators 
Sprays on Fruit Number of Mango Cv. Banganpalli 


Treatment 

Mean 

Ti: 

Gibberilic acid 

113.00 c 

T 2 : 

Napthalein Acetic Acid 

126. 00 b 

T 3 : 

Paclobutrazol 

133. 00 a 

T 4 : 

(l-2-chloro-4pyridyl-3-phenyl urea) 

131 .66 ab 

T 5 : 

Zinc Sulphate+Gibberilic acid 

112.33 c 

T 6 : 

Zinc Sulphate+Napthalein Acetic Acid 

120. 66 b 

T 7 : 

Zinc Sulphate+Paclobutrazol 

131 .33 ab 

T 8 : 

Zinc Sulphate+l-2-chloro-4pyridyl-3-phenyl urea 

122. 66 b 

T 9 : 

Potassium Sulphate +Gibberilic acid 

126. 00 b 

Ti 0 : 

Potassium Sulphate +Napthalein Acetic Acid 

123. 33 b 

Tn : 

Potassium Sulphate +Paclobutrazol 

130.00 ab 

Ti 2 : 

Potassium Sulphate +l-2-chloro-4pyridyl-3-phenyl urea) 

123. 33 b 

Ti 3 : 

Control 

1 10.66 c 

F- test 

* 

S.Em ± 

2.29 

CD at (5%) 

6.68 


Figures with same alphabets did not differ significantly. 

** Significant at (p= 0.01 LOS), *Significant at (p= 0.05 LOS), NS- Non Significant. 
Values were compared with respective C.D values 
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Table 6: Effect of Combination of Bioregulators and Growth Regulator 
Sprays on Fruit Weight of Mango Cv. Banganpalli 


Treatment 

Mean 

Ti 

Gibberilic acid 

301.00 bc 

t 2 

Napthalein Acetic Acid 

315.67" 

t 3 

Paclobutrazol 

309.33 ab 

t 4 

(l-2-chloro-4pyridyl-3-phenyl urea) 

299.67 bc 

t 5 

Zinc Sulphate+Gibberilic acid 

301.67 bc 

t 6 

Zinc Sulphate+Napthalein Acetic Acid 

297.33 bc 

t 7 

: Zinc Sulphate+Paclobutrazol 

309.00 ab 

t 8 

: Zinc Sulphate+l-2-chloro-4pyridyl-3-phenyl urea 

305.33 bc 

t 9 

: Potassium Sulphate +Gibberilic acid 

306. 33 b 

T 10 : Potassium Sulphate +Napthalein Acetic Acid 

307.33 ab 

T u : Potassium Sulphate +Paclobutrazol 

299.33 bc 

T 12 : Potassium Sulphate +1 -2 -chloro-4pyridyl-3 -phenyl urea) 

309.00 ab 

T 13 : Control 

296. 67 c 

F- 

test 

* 

S.Em ± 

3.10 

CD at (5%) 

9.05 


Figures with same alphabets did not differ significantly. 

** Significant at (p= 0.01 LOS), *Significant at (p= 0.05 LOS), NS- Non Significant. 
Values were compared with respective C.D values 


Table 7: Effect of Combination of Bioregulators and Growth Regulator Sprays on 
Yield (Kg per Tree) of Mango of Mango Cv. Banganpalli 



Treatment 

MEAN 

Percentage (%) 
Increase in Yield Over 




Control 

T,: 

Gibberilic acid 

34.01 e 

3.62 

T 2 : 

Napthalein Acetic Acid 

39.7 ab 

20.96 

T 3 : 

Paclobutrazol 

40. 6 a 

23.70 

T 4 : 

( 1 -2-chloro-4pyridyl-3-phenyl urea) 

39.45 b 

20.20 

T 5 : 

Zinc Sulphate+Gibberilic acid 

34.74 e 

5.85 

T 6 : 

Zinc Sulphate+Napthalein Acetic Acid 

35.87“ 

9.35 

T 7 : 

Zinc Sulphate+Paclobutrazol 

39.61 ab 

20.68 

T 8 : 

Zinc Sulphate+l-2-chloro-4pyridyl-3-phenyl urea 

37. 9 C 

15.48 

T 9 : 

Potassium Sulphate +Gibberilic acid 

38.59 bc 

17.60 

Tj 0 : 

Potassium Sulphate +Napthalein Acetic Acid 

37.87 c 

15.39 

T„: 

Potassium Sulphate +Paclobutrazol 

3 8 . 9 1 bc 

18.55 

T 12 : 

urea) 

Potassium Sulphate +l-2-chloro-4pyridyl-3-phenyl 

38.1 l c 

16.12 

T 13 : 

Control 

32.82 f 


F- test 

* 


S.Em ± 

0.38 


CD at (5%) 

1.11 



Figures with same alphabets did not differ significantly. 

** Significant at (p= 0.01 LOS), *Significant at (p= 0.05 LOS), NS- Non Significant. 
Values were compared with respective C.D values 
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CONCLUSIONS 

Among the bioregulators and growth regulator sprays, highest yield was recorded in paclobutrazol (23.7 % over 
control) alone applied trees compare to control. Napthalene acetic acid (NAA) spray alone has increased the yield up to 
20.96 % over control was effective in improving the yield of mango. Zinc sulphate+ paclobutrazol application has 
increased the yield up to 20.68 % over control and ( l-2-chloro-4pyridyl-3-phenylurea) application has increased the yield 
up to 20.20% over control. Hence, paclobutrazol and NAA alone were equally effective in improving the yield when 
compared to bioregulators, growth regulators sprayed in other combinations. 

REFERENCES 

1. Abdollahi, M. Eslighi, S, and Tafazzoli. E. 2010. Interaction of pachlobutrazol, boron and zinc on vegetative growth, yield and 
fruit quality of strawberry (Fragaria x Ananassa Duch. cv. Selva). Journal of Biological & Environmental Sciences. 
4(1 1 ):67-75. 

2. Anonymous. 2013. Annual Report, National Horticulture Board. 

3. Banik, B.C and Sen, S.K. 1997. Effect of three levels of Zinc, iron, boron and their interactions on growth, flowering and yield 
of mango. Horticultural journal. 10(1 ):23-29. 

4. Bhagwan, A, Vanajalatha, K, Prabhakar Reddy, I, Sarkar, S.K and Girwani, A 2011. Standardization of Dosage and Time of 
Soil Application of Cultar on Flowering and Yield of Mango cv. Banganpalli. Presented in Global Conference on Augmenting 
Production and Utilization of Mango: Biotic and Abiotic Stresses held on 21-24' 1 ' June at Luck now. 

5. Bleiliolder, H., van den Boom, T., Langeluddeke, P. and Stauss, R. 1989. Einheitliche Codierung der phcinologischen Stadien 
bei. Kultur-und Schadpflanzen -Gesunde Pflanzen. 41, 381-384. 

6. Burondkar, M.M, Gunjate, R.T Magdum, M.B and Goverker M.A. 2000. Rejuvenation of old and overcrowded Alphonso 
mango orchard with pruning and use of paclobutrazol. Acta Horticuturae. 509(2): 681-686. 

7. Burondkar, M.M and Gunjate, R.J. 1991. Regulation of shoot growth and flowering habit in Alphonso mango with 
Palobutrazol. Acta Horticulturae. 291: 79-84. 

8. Cardenas, K and Rojas, E. 2003. Effect of paclobutrazol and nitrates of potassium and calcium on the development of the 
mango 'Tommy Atkins'. Bioagro.15: 2: 83-90. 

9. Davenport 2007. Reproductive physiology of mango. Braz. J. Plant Physiol. 19(4): 363 376. 

10. Desai, M.M and Chundawat, B.S. 1994. Regulation of flowering in mango by paclobutrazol. Indian Journal of Horticulture. 
51(1): 9-15. 

11. GoGuey, T. 1990. The effects of repeated application of cultar (Paclobutrazol) to Mangifera indica L. Var. Valencia. Fruits 
(Paris) 45(6): 599-607. 

12. Hack, H., Bleiliolder, H., Buhr, L., Meier, U., Schnock- Frick, U., Weber, E. and Witzenberger. A. 1992. Einheitliche 
Codierung der phcinologischen Entwicklungsstadien mono- und dikotyler Pflanzen - Erweiterte BBCH-Skala, Allgemein. 
Nachrichtenbl. Deut. Pflanzenschutzd. 44, 265-270. 

13. Hernandez Delgado, P. M., Aranguren, M., Reig, C., Fernandez Galvan, /)., Mesejo, C.. Martinez Fuentes, A., Galan Sauco, 
V. and Agusi, M. 2011. Phenological growth stages of mango (Mangifera indica L.) according to the BBCH scale. Scientia 
Horticulturae. 130: 536-540. 


Impact Factor (JCC): 4.7987 


NAAS Rating: 3.53 


Studies on the Effect of Combination of Bioregulators and Growth Regulators on 
Flowering and Yield of Mango (Mangifera indica L) CV. Banganpalli 


23 


14. Iyer, C.P.A and Kurian, R.M. 1992. Tree size controls in mango (Mangifera indica L.) some considerations. Acta 
Horticulturae 321: 425-436. 

15. *Kachru, R.B, Singh, R.N and Chacko, E.K. 1971. Inhibition of flowering in mango by gibberellic acid. Horticulture Science. 
6:140-141. 

16. Kumar Raj, M, Reddy, Y.N, Chandrasekhar, R, and Srihari, D 2005. Effect of foliar application of chemicals and plant growth 
regulators on flowering of unpruned mango trees ofcv. Baneshan. Journal of Research ANGRAU. 33: 2, 6-11. 

17. Kumbhar, A.R, Gunjate, R.T and Amim, S.M 2007. Comparision ofcultar and austar as source of paclobutrazol for flowering 
and fruiting in Kesar in Mango. Acta Hort. 820, Proc. 8 ,h Int. Mango symposium 

18. Lolaei, A, Rezaei, M. A, Raad, M. K, Kaviani, B. 2012. Effect of paclobutrazol and sulfate zinc on vegetative growth, yield and 
fruit quality of strawberry (Fragaria x ananassa) Annals of Biological Research; 3(10):4657-4662. 

19. Nav Prem Singh, 2002. Effect of chemicals and plant bioregulators on the promotion of flowering and fruiting in mango cv. 
Dusehari. Ph.D Thesis submitted to the Punjab Agricultural University, Ludhiana. 

20. Negi, S.S, Singh, A.K, Narayan Singh and Hariom Sah 2011. Effect of nutrients on flowering and fruiting of mango cv. 
Dashehari. Haryana Journal of Horticultural Sciences; 40(l/2):69-71. 

21. Notodimedjo, S. 2000. Effect of GA 3 , NAA and CPPU on fruit retention, yield and quality of mango (cv.Arumanis) in 
EastJava. Acta Horticulturae. (509): 587 -600. 

22. Orwintinee, Chusri Naoko Koza, Tatsushi Ogata, Hirokazu Higuchi and Yoshimi Yonemoto 2008. Application of paclobutrazol 
for flowering and fruit production of Irwin mango (Mangifera indica L.) in Okinawa. Trop. Agr. Develop. 52(3): 69-73. 

23. Patil, H.K and Talathi, J.M. 1999. Economic viability of paclobutrazol application in mango cv. Alponso. South Indian 
Horticulturae 47(1-6): 145-146. 

24. *Quinlin, J.D and Richardson, P.J. 1984. Effect of Paclobutrazol on apple shoots growth. Acta Horticulture. 146:105-1 10. 

25. Ram, S and Tripathi, P.C. 1993. Effect of cultar on flowering and fruiting in high density Dashehari mango trees. Indian 
Journal of Horticulture. 50(4): 292-295. 

26. Rao, M.M, Srihari, D, Patil, V.S, and Madalageri, M.B 1997. Further studies on chemical induction of flowering directly on 
fruited shoots in off phase Alphonso mango trees. Karnataka J. Sci. 10(2): 598-601. 

27. Rawash, M, El-Nas, N, El-Mosry, H and Ebbed, S 1998a. Effect of post bloom spray with some chemical substances on yield 
and fruit quality ofTaimour mango trees. Egyptian Journal of Horticulture. 25(1): 71-81. 

28. Razzaq, K, Khan, A.S, Malik, A.U, Shahid, M and Ullah, S. 2013. Foliar application of zinc influences the leaf mineral 
status, vegetative and reproductive growth, yield and fruit quality of Kinnow' mandarin. Journal of Plant Nutrition. 
36(10):1479-1495. 40. 

29. Shailender rajan, Divya Tiwari, Singh, V.K., Reddy, Y.T.N., Upreti, K.K, Burondkhar, M.M., Bhagwan, A., Kennedy R. and 
Pooja Saxena. 2011. Application of extended BBCH scale for phenological studies in mango (Mangifera indica L). Journal of 
Applied Horticulture 13(2) July- September 

30. Shinde, A.K, Burondkar, M.M, Bhingrade. R.T, Waghmare, G.M, Rangwala, A.D and Wagh, R.G 2001. Heat unit requirement 
for fruit maturity in mango varieties. Indian Journal of Plant Physiology. 6(2): 194-196. 

31. Shinde, A.K, Dalvi, M, Godse, S, Patil, B and Pujari, K 2002. Evaluation of chemical and growth regulatory for post harvest 
treatment of fruits in Alphonso mango. VII International Mango Symposium, Recife, Brazil, p. 77. 


www.tjyrc.org 


editor@tjprc. org 


24 


Dheeraj, G, Bhagwan, A, Raj Kumar, M & Sridhar, D 


32. Singh, A.K and Rajput C.B.S 1990. Effect of GA, BA and Calcium on vegetative growth and flowering in mango (Mangifera 
indica L.). Research and Development Reporter 7(1-2): 1-11. 

33. Singh, N.P, Malhi, C.S, Sharma, R.C. 2005. Effect of plant bio regulators (PBRs) on flowering, fruit yield and quality 
in mango cv. Dashehari. Horticultural Journal. 18: 1. 10-12. 

34. Singh, Z and Dhillon, B.S. 1992. Effect of paclobutrazol on floral malformation, yield and quality of mango ( Mangifera indica 
L.). Acta Horticulturae 296: 51-54. 

35. Vijayalaxmi, D and Srinivasan, P.S. 2000. Altering the enzyme activities for enhancing yield in ‘Off year mango (cv. 
Alphonso) through chemicals and growth regulators. Orissa Journal of Horticulture. 28(2): 1-7. 

36. Vijayalakshmi, D and P.S Srinivasan. 1998. Induction of flowering in off year mango cv. Alphonso as influenced by chemicals 
and growth regulators. Ann. Plant Physiol. 12(2): 93-97. 

37. Wahdan, M.T, Habib, S.E, Bassal, M.A and Qaoud E.M 2011. Ejfect of some chemicals on growth, fruiting, yield and fruit 
quality of "Succary Abiad" mango cv. Journal of American Science. 7(2): 651-658. 

38. Winston, E.C 1992. Evaluation of paclobutrazol on growth, flowering and yield of mango cv. Kensington pride. Australian 
Journal of Experimental Agriculture. 32( 1 ):97-104. 

39. Zora Singh, Singh, Z, Muller, W, Potency F, Verheyden, C and Webster, A.D 2000. Effect of (2 RS, RS) paclobutrazol on tree 
vigour, flowering, fruit set and yield in mango. Proceeding of International Conference on Integrated fruit production, Leuven, 
Belgium 27 July-1 August. Acta Horticulture 525:459-462(Abst.). 

40. Zora Singh and Dhillon, B.S. 1992. Effect of paclobutrazol on floral malformation, yield and quality of mango (Mangifera 
indica L.). Acta Horticulture 296: 51-53. 


Impact Factor ( JCC ): 4.7987 


NAAS Rating: 3.53 



